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INSTRUCTION CODES AND EXAMPLES 


GENERAL 


The UNIVAC Solid-State 90 employs a 1%-address instruction code system, with 
One instruction per computer word. The sign digit is not used in defining 
instructions, The format of an instruction word is illustrated below: 





OPERATION “M' ADDRESS “C" ADDRESS 
CODE 
WHAT TO DO... to DATA AT THIS WHERE TO FIND 


LOCATION... then THE NEXT INSTRUCTION 


The "m" address is usually the address of a word in storage. The “operation 
code" tells the computer what to do with this word; and the "c" address is the 
storage location of tlhe next instruction word. These fields may have dif- 
derent significance for some special instructions, as noted in the instruction 
definitions, 


When a word is transferred from a storage location or register, the contents 
of the storage location or register from which the word was transferred remain 


unchanged. 


When a word is transferred into a storage location or register, the previous 
contents of the storage location or register are erased, except in the 20 and 
35 instructions, 


INSTRUCTION CYCLE 
A three or four step cycle is associated with each instruction,depending upon 


whether an operand is required from drum storage. If setting-up the instruc- 
tion is considered the starting point, the instruction cycle is: 


Staticize the Search for Execute the | Search for tlie 
Instruction the Operand Instruction next Instruction 


(1) (2) (3). — . (4) 


(1) STATICIZE THE INSTRUCTION: 


(2) SEARCH FOR THE OPERAND: 


(3) EXECUTE THE INSTRUCTION: 


(4) SEARCH FOR THE NEXT 
INSTRUCTION: 


The instruction located by the previous 
search (4) is transferred from the drum 
location to the Static Register (operation 
code only) and register C (the entire word). 
This step requires one word time which is 17 - 
microseconds, 


If the first address part of the instruction 
does not refer to a drum storage location or 
a register, this step is ignored and no time 
is required. If it does refer to drum stor- 
age, the address of the next available stor- 
age location on the drum is compared with 
the first address part of the contents of rC 
every word time until a match is obtained. 
Register C contains the entire instruction, 
If an operand is required from storage, this 
step requires a minimum of one word time and 
a maximum of 200 word times, 


The operation indicated in the instruction 
is performed, The time required depends 
upon the type of operation to be performed. 


Every word time the address of the next 
available storage location on the drum is 
compared with the second address part of the 
contents of rC until a match is obtained, 
This step requires a minimum of one word 
time (when minimum latency coding is used) 
and a maximum of 200 word times. 


In describing the 39 instructions used with the UNIVAC Solid-State 90, the 


following conventions are used: 


m 
: 

(m) 
rA 
rL 
rC 


rX 


represents a storage location or register. 


represents 
represents 
represents 
represents 
represents 


represents 


the address of the next instruction, 


the contents of a storage location or register, 


register A 
register L 
register C 


register X 


The timing for each instruction is shown in the right-hand column following 
the description of the instruction, Timing is shown as the number of word 
times required to execute the entire instruction cycle in minimum latency. 
Timing in milliseconds can be obtained by multiplying the word times given by 


0.017. 
TRANSFER INSTRUCTIONS Word Time 
25 mc Transfer (m) to rA, 4 
60 mc Transfer (rA) to m, 4 
05 mc Transfer (m) to rX, : 4 
65 mc Transfer (rX) to m. 4 
30 mc Transfer (m) to rL, 4 
50 mc Transfer (rL) to m, 4 
77 mc Transfer (rA) to rL. Ignore m, . 3 
06mc Clear rX to zero and set its sign storage to plus. 3 
Ignore c, Next instruction at m, 
31 mc Clear rL to zero and set its sign storage to plus. 3 
Ignore c. Next instruction at m. 
26mc Clear rA to zero and set its sign storage to plus. 3 
Ignore c, Next instruction at m. 
36 mc Clear rA to zero and leave its sign unchanged. 3 
Ignore c, Next instruction at m, 
86 mc Clear rA and rX to zero, Set the signs of rA and - 14 
rX to that of rL, Ignore m. Next instruction at c, 
23 mc Transfer (rC) to rA, Next instruction at m, 2 
Examples: 
1, Place the contents of 4309 into registers A and L, Next instruc- 
tion is at 378, Begin in line 350. 
Solution: 0350 25 4309 0361 (4309)——>rA 
0361 77 0000 0378 (rA)—»rL 
2. Clear memory location 3172 to all zeros. Leave registers A and X 


undisturbed, Next instruction at 174, 


Solution: 0167 31 0000 0170 6's ——— > FL 
0170 50 3172 0174 (rL) -——>- 3172 


i as Ne 


ADDRESSING REGISTERS 


Often, Operands or instructions needed in a program are available in registers 
A, X or L, In such instances these words can be obtained directly from the 
registers, The addresses of the three registers are as follows: 


OOOK (1101) refers to rA 
OOOT (1111) refers to rx 
OOOY (0110) refers to rL 


When a register address is given in the “m" portion of an instruction, the 
Operand to be obtained is in the register specified. If a register address is 
given in the "c" portion of an instruction, it indicates that the next in- 
struction to be executed is in the register designated, 


One restriction is placed on the use of register addressing, A register address 
may not be used with a 60, 50 or 65 instruction, 


Examples: 


1, Starting in memory location 1301, place the contents of 4511 in 
registers A, X and L, 


Solution: 1301 25 4511 1313 (4511)——-rA 
1313 05 OOOK 1317 | (rA)——»rX 
1317 30 OOOT 1321 (rX)———rL 


2. Place the contents of rL in rA, Next instruction is in rX. Start 


at 0021. 
Solution: 0021 25 OO0Y OOOT (rL)—~>rA, next in- 
. struction is in rX, 

ARITHMETIC INSTRUCTIONS Word Time 

70 mc Add algebraically (m) to (rA) and place the 3 
sum in rA, 

75 mc Subtract algebraically (m) from (rA) and 5 
store the difference in rA, 

85 mc Multiply (rL) by (m) and store the 10 most 3 plus the number 
significant digits of the product in rA of digits in the 
and the 10 least significant digits in rX, : multiplier plus the 
Both rA and rX will have the sign of the ~ . sum of these digits 


product, Multiplication can be shortened 
for multipliers having less than 10 signif- 
icant digits by placing a sentinel* just to 


* Code 0101 or 1101 (- or K) 


85 mc (Con't) 


the left of the most significant digit of 
the multiplier, m, This sentinel stops the 
multiplication after the last significant 
multiplier digit is used. 


Word Time 


20 plus the sum of 
the odd digits of 
the quotient plus 
the sum of the tens 
complements of the 
even digits. 


(1511)—— rA 
(4115)+(rA)—>rA 
(rA)——> 4441 


0000000001 ——-rL 


(4591)——rA 
(rA) -(rL)——rA 
(rA) ——> 4600 
(4691) ——-rA 
(rA) -(rL) —rA 
(rA)——>4700 


95 mc Divide (m) by (rL) and put the unrounded 10 
digits of the quotient with sign in rA and 
the remainder in rX, The remainder has the 
sign of the dividend. If the divisor is 
zero, less than or equal to the dividend, 
overflow occurs. 
Examples: 
1. Add the contents of 1511 and 4115, Place the sum in 4441, 
Solution: 0009 25 1511 0013 
0013 70 4115 0018 
0018 60 4441 0043 
2. Reduce the contents of memory locations 4591 and 4691 by 1. Place 
the results in 4600 and 4700. . 
Solution: 2085 30 2087 2089 
[2087 00 0000 000i] 
2089 25 4591 2093 
2093 75 OOOY 2098 
2098 60 4600 2102 
2102 25 4691 2143 
2143 75 OOOY 2148 
2148 60 4700 
3. 


Multiply the contents of 4391 by the contents of 4100, Place the 
10 most significant digits of the product in 4720, and the 10 least 


Significant digits in 4730. 


Solution: 0191 30 4391 0193 
0193 85 4100 0253 
0253 60 4720 0272 

_ 0272 65 4730 


OVERFLOW 


Two types of overflow can occur in the computer, The first is an arithmetic 
overflow, indicating that the result of an arithmetic operation does not fall 
within the range -1 2x4 + 1, The second is an overflow signifying an 
abnormal condition in an input or output unit (e.g., printer out of paper, a 
card jam in the HSR or RPU, etc.) In both cases the computer continues to 
Operate. However, when such a condition does occur, the next instruction is 
not found at c but at c +1, 


It should be noted that c and c +1 must be in the same band on the drum. 
If the c address is the last location in any band (e.g., 0199, 0399, etc.,) 
the c +1 address is the first word of the same band (e,g., 0000, 0200, etc.) 
When the address of the next instruction is a register address, proceed to 
that register whether or not overflow occurs. 7 


Example: 


Add (3178) to (3182), Place the sum in 3210. If overflow occurs place 
0000000001 in 3200 and (rA) in 3210. In both cases, the next instruc- 
tion (following .storage of the sum) is in 0271. 


Solution: 0176 25 3178 0180 (3178) ——> rA 
0180 70 3182 0185 (3182) + (rA)——>rA 
0185 60 3210 0271 (rA)—> 3210 
0186 05 0188 0190 0000000001————>-rx 
fo18s8 00 0000 o001] 
0190 65 3200 0185 (rX)——>3200 
LOGICAL INSTRUCTIONS Word Time 
20 mc  Superimpose the 1 bits of (m) onto (rA) and leave 4 


the result in rA, The sign of rA is undisturbed. 
Examples: 
1, Superimpose m =0020406080 


on rA =0103050709 - 
Result in rA =0123456789 


2. Superimpose m =0000093800 
on rA =9873100000 
Result in rA =9873193800 


Note: 


This superimposition is performed on a bit by bit basis on each 
digit individually, Many combinations are possible using this 
instruction, For example, superimposing a 4 (0100) on a 1 (0001) 
produces a minus (0101), or an 8 (1011) and a 2 (0010) produce an 


8 (1011). 
Word Time 
35 mc  Superimpose the O bits of (m) onto (rA) and 4 
leave the result in rA, The sign of rA is 
undisturbed. 


Examples: 


1, Superimpose m =OTTTTTITIT 
on rA =1111122222 
Result in rA =0111122222 


2. Superimpose m =OOTTTOOOTT 
on rA =1234567896 
Result in rA =0034500096 


Note: 


This instruction is like the 20 mc since it also operates on a 
bit by bit basis, A zero (0000) in m will erase a whole digit in 
rA; a T (1111) will retain it. 


32 mc Shift (rA) to the right n places into rX which 3 +n 
also is shifting to the right into rA, The sign 
positions are not involved in this shift. n can 
vary between O and 10, and is a single digit 
inserted in the next to most significant digit 
position of m.* | | 


37 mc Shift (rA) to the left n places losing the most 3 +n 
significant digits and bringing in zeros in the 
least significant digit positions on the right. 
n can vary from O to 10 and is a single digit 
inserted in the next to most significant digit 
position of m. The sign of rA is not distrubed.* 


* The special character K (1101) is used to represent 10. 


In any of the shift orders, if 


tion, the following shifts will occur: 


oOme 


87 mc 


(82 mc 


0110 
0111 
0101 
1110 
llll 
1101 


n is represented by an undigit combina- 


1 
COON Ore 


I 
i 


Word Time 


Skip to next instruction at address m. Ignore c. 7 2 


If (rA) is algebraically greater than (rL), the 3 
next instruction is in m; 


struction is inc, 


if not, the next in- 


If (rA) equals (rL), then the next instruction 3 
is inm: if not, the next instruction is inc. 


Examples: 


1, 


4392 contains the value "A" 4400 contains the value "B", Place 


the smaller in rx, 


Solution: 0290 
0294 

0302 

(A>B) 0305 

(A<B) 0306 


0900 contains X 
0910 contains y 


4392 
4400 
0305 
OOOY 
000K 


0294 A——>rA 

0302 B—>—rL 

0306 test A against B 
B—— > rX 
A-—> rx 


If X = y, add the 2 numbers and store the sum in 4230, If X >y, 
‘subtract y from X and store the difference in 4235, If X< y, 
merely store X in 4230 and y in 4235, 





Solution: (Con't) 


0098 25 0900 0102 (900) ——»>rA 
0102 30 0910 0112 (910) —>rL 
0112 82 0116 0115 rA:rL for equality 
0115 87 0119 0118 rA:rL for magnitude 
X<y 0118 60 4230 0132 X——> 4230 
0132 50 4235 Y= 4235 
X=y 0116 70 OOOY 0121 X + y——»sum 
0121 60 4230 sum— > 4230 
X>y 0119 75 OOOY 0124 X-y 
0124 60 4235 - difference— 4235 


67m c Stop the computer, The computer stops with the 
stop instruction in rC, but before the search for 
the next instruction is started. Normally, when 
the computer is restarted, the first step will be 
to search for the next instruction specified by the 
c address. In this case the m digits are ignored 
and may be used as a code to indicate the reason 
for stopping. However, if desired, the m address 
may be used as an alternate restart location by 
depressing the “m™ button on the control panel. 


TRANSLATE INSTRUCTIONS 


Data enters the computer from punched cards in Remington Rand code, It may 
be moved from place to place within the computer in this code by instructions, 
Data must be in Remington Rand code to be correctly punched in output cards 

or printed, However, the arithmetic operations 70 mc, 75> mc, 85 mc, and 
95 mc and the logical operation 87 mc will not give correct results unless 
the data is in machine code, 


The following translate instructions permit the translation of data from one 
code to the other: 


Word Time 


12 mc Send (rA) and (rX) through the Remington Rand code- 3 
to-Machine code translator and deposit result in 
rA and clear rX to zeros. The sign of rA and rX 
remain unchanged. rA must contain the unprimed 
word of the card image and rX the primed word, 
m is ignored. 


17 mc _ Send (rA) through the Machine code-to-Remington Rand 3 
code translator and deposit the two results in rA 
and rX, The signs of both results are positive. rA 
will contain the unprimed word and rX the primed word, 
All Machine code zeros are translated to Remington 
Rand code punching zeros. m is ignored. 


The results of either the 12 mc or 17 mc instruction are listed-in 
Table 1 on page 10. 
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_ UNIVAC SOLID-STATE 90 
(Print Code is Same as Card Code) 


Card Code to Machine Code 


Card_ Code 
Unprime Prime 
Character 9310 XX97 
0 0001 0000 
1 0010 0000 
2 0010 0010 
3 0100 0000 
4 0100 0010 
5) 1000 0000 
6 1000 0010 
7 0000 -0001 
8 0000 0011 
9 0000 0010 
A 1010 0010 
B 1010 0000 
C 0001 0001 
D 1101 — 0000 
E 0101 0000 
F 0010 0011 
G 1000 0001 
H 0100 0001 
I 1100 0000 
J 1110 ~ 0000 
K 1100 0010 
L 0001 0010 
M 1001 0000 
N 1001 0010 
0 0110 0000 
Pp 0110 0001 
Q 1100 0001 
R 0010 0001 
S 1010 0001 
T 0100 0011 
U 1001 0001 
V 0101 0010 
W 0101 0001 
X 0001 0011 
Y 0110 0010 
Z 1000 0011 
Space 0000 0000 
: 0110 0011 
P 1101 0010 
$ 1111 0010 
- 1101 0001 
# 1011 0001 
i 0011 0000 
% 1011 0000 
: 1110 0011 
/ 1100 0011 
+ 1010 0011 
. 1110 0010 
& 1111 0001 
: 0111 0011 
( 1001 0011 
) 1110 0001 


Machine Code 


0000 
0001 
0010 
0011 
0100 
1000 
1001 
1010 
1011 
1100 


1011 
1001 
1010 
1011 
0011 
1011 
1010 
1011 
1011 
1011 
1101 
1100 
1000 
1001 
0011 
1011 
1011 
1011 
1011 
1111 
1010 
0100 
1011 
1011 
0110 
1011 
0000 
llll 
1101 
lill 
1011 
1011 
0001 
1001 
llll 
1111 
1011 
1111 
1011 
1111 
1011 
1011 


Table 1. Code Translation Table 


Machine Code to Card Code 


Machine Code 


Bit. Combo. 


0000 
0001 
0010 
0011 
0100 
1000 
1001 
1010 
1011 
1100 
0101 
0110 
0111 
1101 
1110 
1111 


(O) 


(1) - 


(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 


Card_ Code_ 
Unprime Prime 
2310 XX97 
0001 0000 
0010 0000 
0010 0010 
0100 0000 
0100 0010 
1000 0000 
1000 0010 
0000 0001 
0000 0011 
0000 0010 
0110 0010 
0110 0010 
0100 0010 
0000 0010 
0000 0011 
0000 0011 


INPUT OUTPUT INSTRUCTIONS (READ-PUNCH UNIT) 


Four instructions direct the operation of the Read-Punch Unit. 


8lme 


46mec 


22mec 


37 mc 


Transfer the output card images (in the output . 
interlace pattern) from the m band to the Punch 
Buffer. When the transfer is completed, the 
computer is free to operate on other instructions, 
The Read-Punch Unit will then punch the data from 
the Punch Buffer area into the card in the punch 
station, It then reads the cards now in both read 
stations, storing their images in the Read-Punch 
Input Buffer in the read interlace pattern. Fin- 
ally,all cards are advanced one card station to the 
right in the Read-Punch Unit. m must be a- multiple 
of 200 (i.e., 000, 0200, 0400, etc.) For minimum 
latency this instruction should be in storage loca- 
tion 0198 + 201n, 


Note: 


They are: 
Word Time 


203 


If an abnormal condition exists (card jam, empty input hopper, 
etc.) overflow occurs and the next instruction is found in ctl. 


Wait until the Read-Punch Input Buffer is loaded, 
then transfer the input card images to band m, 

(m must be a multiple of 200.) For minimum 
latency, this instruction should be in storage 
location 0198 + 201n. 


This instruction permits the program to test the 
status of the Read-Punch Input Buffer. If the 
buffer is loaded, (rC) is transferred to rA and 
the next instruction is found at m, If the buffer 
is not loaded the next instruction is found at c. 
rA is not altered in this case, 


Select output stacker #1 (Sort). m is ignored. 
This instruction must be given within 116 ms after 
the Read-Punch Input Buffer is loaded if it is to 
Operate on the card at the second read station, 
Otherwise stacker #0 is automatically selected. 


203 


3 if c 
address 
taken, 
otherwise 
4 


11 


INPUT INSTRUCTIONS (HIGH-SPEED READER) 


Four instructions direct the operation of the High-Speed Reader: 


Word Time 
72 mc Pull a card into the continuously moving rollers 3 if c 
of the feed. The card will be read at each address 
station, in turn, and the data stored in the taken, 
buffer band. The computer is free to operate on . otherwise 
Other instructions during the moving and reading 4 


of the cards, If the HSR is interlocked, the 
contents of rC are sent to rA and the next in- 
struction is at m,. 


Note: 


If an abnormal condition exists (full output stacker, empty 
input hopper, etc.) overflow occurs and the next instruction is 
found in ctl, 


96 mc Wait until the High-Speed Reader Buffer is loaded, 203 
then transfer this data from the buffer to the 
memory band m (m must be a multiple of 200). 


For minimum latency this instruction should be 
placed in cell 0198 + 20I1n. 


42 mc This instruction permits the programmer to test the 3 if c 
status of the High-Speed Reader Buffer. If the address 
buffer is loaded (rC) is transferred to rA and taken, 
the next instruction is found at m, If the buffer otherwise 
is not loaded, the next instruction is found at c, 4 


rA is not altered in this case, 


47 mc Select output stacker designated by m, If m = 3 
0000 the #0 stacker is selected, if m = 0100 the 
#1 stacker is selected, and if m = 0200 the #2 
stacker is selected. To operate on the card at 
the second read station, this instruction must be 
given within 120.8 ms after the image is available 
in the buffer, If not, the card will enter the 
previously selected stacker, 


Note: 
If a 96 instruction is given with only one card present in either 


read station, the buffer interlace locations of the station not 
occupied will read all binary 1's, 


PRINTING INSTRUCTIONS (HIGH-SPEED PRINTER) 


‘The following instructions govern the printing operation: 


llme 


l6mec 


27mc 


Word Time 


Wait until the previous printer operation is 092 
completed, then advance the paper "y" lines. 

While the paper advance is taking place, trans- 

fer the data from the m band print interlace to 

the print buffer band, The line is printed 

upon completion of the paper advance. The com- 

puter is released for other operations as soon 

as the buffer band is loaded, The contents of 

rA and rX will be altered during the transfer 

of data to the buffer band. 


The two most significant digits of m specify the 
print interlace band, The two least significant 
digits of m specify jy. Normally OO < y < 49. 
However, it is possible to advance the paper as 
many as 79 lines in the following manner: 


Ky where y = 0 to 9 - moves paper 50-59 lines 
Yy where y = 0 to 9 - moves paper 60-69 lines 
Ty where y = 0 to 9 - moves paper 70-79 lines 


For minimum latency, the 11 instruction should be 
in location 0198 + 789n, 


Wait until the previous printer operation is com- 4 
pleted then advance the paper y lines. Once 

paper movement is started the computer is free for 

other operations, y is the same as defined in 

the 11 instruction above. 


Note: 


Overflow can occur on either the 11 mc or 16 mc instructions if 
an abnormal condition exists in the High-Speed Printer (out of 
paper, paper jam, etc.) 


This instruction tests the status of the printer. 3 ifc 

If a print or paper advance is in process the address is 
next instruction is selected from c, otherwise the taken, 
next instruction is at m and (rC) are transferred otherwise 
to rA. ha 4 
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Word Time 


62 mc This is the zero suppression instruction, It 4 
is used to suppress printing (or punching) of 
non-significant zeros or commas, Zero sup- 
pression is done to the words in the print 
(or punch) interlace before the print (or 
punch) instruction is given, The instruction 
works as follows: The primed word of the 
pair must be in rX and the unprimed word in rA, 
Each of the following digit combinations, 


Unprime 0001 1101 
Prime 0000 0010 
(zero) (comma) 


found to the left of the first non zero or 
comma digit is replaced by binary zero, This 
is a non-printing and non-punching code. m 
is ignored. 


ADDRESS MODIFICATION 


If an m or c_ address exceeds 4999, the computer will recognize the address 
as follows: 


1. The band addressed can be calculated by subtracting 5000 from 
the address. Thus, a reference to 6800 would pertain to a word 
in the 1800 band, | 


2. The word addressed can be one. of four within the specified band. 
The interval between words is 50 (i.e. A reference to 8247 
would refer to 3247, 3297, 3347 or 3397. All these words are in 
the 3200 band, 50 words apart.) 


3. The particular word that would be affected is the first one to 
appear on the drum, relative to the instruction address. 


The following examples indicate this procedure: 


in line 0098 25 7952 (2902) ——> rA 
in line 0198 25 7952 (2802) -——- rA 
in line 0077 60 6101 (rA) —~- 1101 
in line 0329 60 6101 (rA) ——~ 1151 


The memory locations falling within the 9000 through 9999 range will 
be interpreted as fast access bands, The actual band interpreted 
can be computed by subtracting 5000 from the address. Fast access 
characteristics prevail with these bands, 


GENERAL, 


MINIMUM LATENCY CODING 


“Minimum Latency Coding" is a technique by which addresses for instructions 
and data are assigned in a manner which minimizes memory reference time. The 
extent to which these techniques are applied depends on the application being 


coded. 


DRUM LAYOUT 


The drum provides for the storage of 5000 10-digit “words" and their 
Signs, in 25 bands of 200 words each, 


l, 


2. 


3. 


The location of each word on the drum is uniquely determined by a 
four digit address, from 0000 to 4999, 


All addresses from 0000 to 3999 refer to fast access. 
All addresses from 4000 to 4999 refer to high-speed access. 


In fast access, there is one reading head per band. Addresses 
differing by an exact multiple of 200 word times are equivalent 
(i.e., have the same angular position with respect to the reading © 
heads) and may be used interchangeably in coding without affecting 
instruction execution time, 


Since: 0254 - 0054 = 200 Then: 0054 and 0254 have equivalent 


access times 


1236 - 0436 = 800 0436 and 1236 have equivalent 
= 4 x 200 access times 
But: 0186 - 0045 = 141 Then: 0045 and 0186 are not equivalent 
3473 - 1836 = 1637 1836 and 3473 are not equivalent 
2379 -— 2229 = 150 2229 and 2379 are not equivalent 


In high-speed access there are four reading heads per band. Addresses 
differing by an exact multiple of 50 are equivalent and may be used 
interchangeably without affecting instruction execution. 


Since: 4294 - 4244 = 50 Then: These locations are equiv- 
4344 - 4244 = 100 = 2 x 50 alent addresses in the 
4394 - 4244 = 150 = 3 x 50 same band (in high-speed 
access only). 
But: 4736 - 4633 = 103 These are not equivalent. 
and 4814 - 4635 = 179 
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For each memory access in a program,there are a total of 40 
possible locations available for minimum latency coding. 


Thus: Fast Access (one per band) 1 x 20 = 20 
High-Speed Access (four per band)4 x 5 = 20 
TOTAL 40 


High-speed access is normally used for data storage (input output 
interlaces, constants, etc.) but may be used for instructions. 


BASIC INSTRUCTION CYCLE 


There is a three or four step cycle associated with each instruction, 
depending on whether an operand is required from drum storage. These 
steps, and the times required are: 


m WN & 


The 


Staticize the instruction - 1 word time 

Search for operand (if needed) 1 to 200 word times 

Execute the instruction - variable, depending on operation 
Search for next instruction 1 to 200 word times 


instructions are divided into three types as follows: 


Instructions requiring one operand from memory. 

Instructions requiring reference to a buffer. 

Instructions requiring neither an operand from memory, nor reference 
to a buffer. 


REFERENCE TO MEMORY 


Instructions requiring an operand from memory are: Transfer from memory 
to a register, transfer from a register to memory, arithmetic, super- 
impose, and extract instructions, 


Remarks: 


a. 


b. 


A minimum of two word times must always be allowed for staticizing 
the instruction and search for the operand, 





If T = total word times for completion of a given instruction of 
this type, then T - 2 word times must be allowed for execution and 
search for the next instruction phases of the operation. 


Additional time needed, either for operand search, or search for 
next instruction, must be added to the minimum times as determined 
in a and b. 


Maximum time for staticizing the instruction and searching for the 


operand is 201 word times (See Basic Instruction Cycle, above). 


REFERENCE TO A BUFFER 

Instructions requiring reference to a buffer are: 46, 96, 81, 11. 

Remarks: 

a. Each of these transfers is initiated at the 0198 level on the drum, 
Thus 0198 level locations are minimum latency positions for each of 
these instructions. Placement at any other level adds to execution 
time, 

b. Total transfer time to or from the card buffers is 203 word times, 
This means that the next instruction may be located in: 0198 + 203 
= 0401 (or any equivalent level location) for minimum latency. 

ce. The Advance and Print (11) instruction requires 591 word times so 


the next instruction would be placed in 0198 + 591 = 0789 (or its 
equivalent) for minimum latency. 


Instructions requiring neither reference to memory or memory include, 
comparisons, tests, zero suppress, transfer (rA) to rL, shift (right or 
left), High-Speed Reader card cycle, select stacker, 

Remarks: 


a. Times given for these instructions are minimum latency total 
execution times. 


REFERENCE TO A REGISTER 


Since no drum search is required when the operand or next instruction 
is in a register, such addressing is automatically in mimimum latency, 


The following examples are given as illustrations of mimimum latency coding: 


1, 0136 250138 0140 


0136 250138 1940 4 word times each 
0136 254138 1740 
0136 254088 1740 Not *** 4088 1090 


2, 1198 814200 1001 
1198 814200 0401 203 word times 

3, 1286 320400 aa 
1286 320400 0293 7 word times 
1341 821344 1544 3 word times for both paths 
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OVERCAPACITY PUNCHING 


GENERAL 


Occassionally, extra digits above and beyond the normal 90 available are 
needed on a card, When such a condition arises, overcapacity punching 
may be used. 


These punches are placed in the zero punching area of each column, The 
number of columns (or zero punch positions) required to indicate the digit, 
is dependent upon its potential range of values. 


For example, assume that a one-digit code is to be punched in the zero area as 
an addition to the normal 90 columns, If the range of this code is from zero to 
one, only one punch is required. The presence of a punch would indicate a one, 
The absence of a punch would indicate a zero, If the range of the code is from 
zero to nine, more punches are needed. It could be punched in a bi-quinary form 
covering four punch positions, (a nine punched in four adjacent zero columns 
would be 1100, an eight 1011, a seven 1010, etc.) It might be punched in six 
zero positions, each one corresponding to an actual row on the card (i.e., the 
first position represents the zero row, 2nd = 1, 2 row, 3rd = 3, 4 row, 4th = 5, 
6 row, Sth = 7, 8 row, and 6th = the 9 row.) This system facilitates punching 
as wide a range of values as is available in the normal punching mode, 


Any mode of punching is valid as long as the program interprets the over- 
punches correctly. 


The program must interrogate the overpunch in the unprimed portion of an 
input word before translation. The punches will fall into the zero-bit of 
a digit. If the program is to produce output overpunches, they must be placed 
in the zero-bit of each digit of the unprimed word as well. 


Since alphabetic punching requires the use of the zero-punch area, the pos- 
itions chosen for overcapacity punching must contain purely numeric information. 
If a zero exists among the numerics, it must be a space or non-punching 
zero. 


EDITING AN INPUT OVERCAPACITY PUNCH 


An example of editing an input overcapacity punch follows: 
Given: 

Memory location 4221 contains the unprimed portion of an input word. Over- 
Capacity punches have been placed in the last 4 digit positions of this word. 
They are in bi-quinary form, The punch in digit 7 represents the 5-bit, digit 
8 represents the 4-bit, digit 9 represents the 2-bit and digit 10 the 1-bit. 


Problem: 


Edit these 4 bits into the Most Significant Digit Position of rA, 
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Isolate 4 overcapacity punches from unprimed portion of word. 


Add constant which places bits in 5, 4, 2 and 1 positions if 
appropriate. 
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Erase all but 5, 4, 2 and 1 positions 
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Buff all bits into one digit position. 
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EDITING AN OUTPUT OVERCAPACITY PUNCH 
An example of editing an output overcapacity punch follows: 
Given: 


Register X contains a word in the form O000000000X 
where X is any number from zero to nine, 


Problem: 





Edit this for overcapacity bi-quinary punching and place it in the four 
least significant digits of the word in 4221, 
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Edit 5-bit into punching position 
Buff overcapacity punches into unprimed portion of word. 


Edit 4-bit into punching position 
Edit 2-bit into punching position 
Edit 1-bit into punching position 


Edit 2-bit (cont.) 
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SAMPLE INVENTORY PROBLEM 


GENERAL 


This is a problem designed to show various techniques used when programming 
the UNIVAC Solid-State 90, Much of it is concerned with editing input in- 
formation from the High-Speed Reader and preparing output information for the 
Read-Punch Unit and the High-Speed Printer, There is a minimum of actual 
processing involved since this would vary so widely from problem to problem, 


The sample itself is a simple one. Master Inventory Cards and Change Cards 
are read into the computer. Where a Change Card refers to a given Master | 
Card, this charge is applied and a new Master Card is punched, At the same 
time a listing is kept on the High-Speed Printer of any items which must be 
reordered to keep a sufficient quantity on hand. 


A complete description of the run follows: 


MASTER INVENTORY NEW PRODUCT CHANGE 
FILE FILE FILE 









COLLATE NEW PRODUCT CARDS 
AND CHANGE CARDS INTO 
MASTER INVENTORY FILE, 








MERGED FILE 















1, Make Adjustments in 
Master Inventory File 
as specified in Change 
Cards. 


2. Produce Stock Reorder 
Listing. 
3. Produce Error Cards, 


ERROR FILE 
FOR LISTING 


NEW MASTER 
INVENTORY 
CARDS . 
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EXPLANATION OF FILES 


A. 


INPUT 


l, 


Master Inventory File - The Master Inventory File reflects the current 


status of a given item of inventory. The file is maintained in ascend- 
ing sequence by its identifier, which consists of the plant and stock 


numbers, 


Each Master Inventory Card contains the following 12 fields: 


Plant 


Stock Number 


Amount on Hand 


Description 


Reorder Amount 


Reorder Point 


Date 


Unit of Measure 


(2 characters): Designates the plant in which the 
item is stocked. 


(8 characters): Numeric. 


(8 characters): Quantity on hand at a given time, 


| (22 characters): Alpha-numeric description of the 


item. 


(8 characters): The amount to be reordered when 
the inventory falls low. 


(8 characters): Item must he reordered when 


‘amount on hand plus the amount on order falls be- 


low this point, 


(6 characters): This field reflects the date on 
which the item was last changed. If the item has 
not been altered, the date here represents the 
date the item was incorporated into the file. 
(Mo.,Da., Yr.) 


(4 characters): The unit by which an item is 
ordered, Doz., Each, Gals., etc. 
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Lead Time, Days (2 characters): The number of days which an 
item must he ordered prior to the date on which 
it is needed. 


Unit Cost Price (6 characters): The price of a unit when bought 
or manufactured by the company. 


Unit Sale Price (6 characters): The price of a unit when sold 
| by the company. 


On Order Amount (8 characters): The amount of items on order. 
Change File - The change file consists of cards representing changes 
to be applied to items of the Master Inventory File. Each change 
will specify the following: 

1, Which item is to be changed. 
2. Which field of the card is to be changed, 
3. The nature of the change. 


A change card reaches the Processor immediately following its cor- 
responding Master Card on the High-Speed Reader. 


Each change card contains the following four fields: 


Plant: Same as Master Card, 
Stock Number: Same as Master Card, 
Change Key (4 characters): Specifies which field of the 


Master Card is to be changed, This key will be 
represented by one of the following: 


0004: Change Reorder Amount 
0005: Change Reorder Point 
0008: Change Unit Cost. 


0009: Change Unit Selling Price. 
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0040: Change Unit of Measure, 
0050: Change Lead Time, Days. 
0600: Stock received, add to Balance on Hand. 


0700: Stock sold, to be subtracted from Balance on 
Hand. (See Error File.) 


’ 


New Information (8 characters): When a field of the Master Card 
is to be changed,it will be replaced by the in- 
formation in this field of the Change Card, and 
a new Master Card will be punched, 


When a field of the Master Card is to be added to 
or subtracted from, the amount of the change will 
appear in this field, and a new Master Card will 
be punched, 


B, OUTPUT 


l. 


2. 


Updated Master Inventory Card: Represents all changes to the inventory 
and will be collated into the Master File on the next run, 


Error Card: One Error Card is produced each time one of the following 
situations occurs: 


a. If the amount sold results in a negative on-hand amount, the 
charge is not to be applied. 


b. If a Change Card is encountered whose identifier does not match 
any identifier in the Master Inventory File, the change cannot 
be made, 


c. If an invalid code number is given, the change cannot be made. 
Each Error Card produced will contain the following three fields: 


Plant: Same as previously discussed, 


Stock Number: Same as previously discussed, 


Type of Error (10 characters): 


In the case of error "a", the 


10 characters should be: 


OVERSOLDss (where s equals spaces) 


In the case of error "b", the 10 characters 
should be: 


In the case of error "c ’ 


NOsMASTERs (where s equal spaces) 


tt. te 


the 10 characters 


should be: 


3. Stock Reorder Card: 


Each page will contain one Header Line and 12 Body Lines. 


- Will be the current date. 


XX: 
SSSSSSSS: 
PP: 


Description: 


AAAAAA: 
UUUU: 
LLLL: 


C. PRINTING FORMAT 


Header Line: 


DD Mon YEAR 


Body Item: 


No. SSSSSSSS 
Plant PP 


The D, X, S, A, P, 


Listing to be double spaced, 


This run is basically an Inventory Updating. 


multiple change, or none, 


WRONGsKEYs (where s equal spaces) 


Each time a reorder is required,a list will be 
printed on the High-Speed Printer. 
hand amount, plus the amount on order, 


This happens each time a new on 
falls below the reorder point, 


The Date 


Page Number. 

Stock Number. 

Plant Number. 

Of the item to reorder; 
Reorder Amount, 

The unit of measure 
Lead time, days. 


Stock Reorder File Page XX 


Description ---- AAAAAA UUUU 
DD Mon Year LL 


and L fields will be zero suppressed. 


A given Master Card may have 


At the start of the run, the current date is keypunched and added to the rest 


of the deck. 
changed, 


The Date should be put into each updated Master Card being 


25 


PLANT AND AMOUNT DESCRIPTION 
STOCK NUMBER ON HAND 


jan) 
ix 
7) 
am) 
EX 
© 
= 


REORDER REORDER ON ORDER 
AMOUNT POINT AMOUNT 


LEAD TIME 
NOT USED 


61 |} 62 67 168 69/70 75 





SAMPLE MASTER INVENTORY CARD 


PLANT AND NEW 
STOCK NUMBER INFORMATION 





SAMPLE CHANGE CARD 
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PLANT AND - TYPE OF ERROR 
STOCK NUMBER 





SAMPLE ERROR CARD 
INPUT-OUTPUT ROUTINES 


There are three routines in the memory along with the one on the following 
pages. These are the HighSpeed Reader Routine, the Read-Punch Routine and 
the High-Speed Printer Routine, They are entered in various portions of the 
Inventory Run, Their functions are: 
1, High-Speed Reader Routine, 
a. Feeds a card, 
b, Reads a card (i.e., unloads the buffer to an interlace). 
c. Compares first and second reading of each card, 
d. Transfers a card image from a Reserve Storage Area to a Working 
Storage Area, 
2. Read~Punch Routine, 
a. Moves an image from Working Storage to an Output Interlace, 


b. Punches a card, 


c. Check reads the card punched, 


3. High-Speed Printer Routine, 
a. Prints a line, 
b. Advances the paper, 


c. Clears the Print Interlace, 
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INITIALIZE PLACE ZEROES 












H.S R. ROUTINE IN THE 
R.P.U. ROUTINE "M" KEY 
H.S.P. ROUTINE 



















NO 





RPU BUFFER 
LOADED? 






IS THIS A 
MASTER CARD? 


WSyey: Mxey 





a) WS ———p> M (< } 





28 


= CHANGE 









SORE: 0004 REORDER AMT. 
Z 
_| CHANGE 
CODE :0005 REORDER 
POINT 
Z 
= | CHANGE 
CODE :0008 UNIT COST 
Z 
- | CHANGE 
CODE :0009 SALES PRICE 
4 






CHANGE UNIT 
OF MEASURE 










CHANGE 
LEAD TIME 













INCREMENT 
ON HAND AMT. 





CODE :0600 
Z# 
CODE :0700 
P 

















NOH-ON 
HAND AMT. 






MIN. BAL :NOH 


* NOH = NEW ON HAND 
00 =ON ORDER 
LC = LINE COUNTER 
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@ LINE COUNT : CREATE pais LINE COUNT ee 
: 8 HEADER LINE H-LINE CT. 


# 
LINE COUNT =__| ADVANCE SET LINE & 
: 25 PAPER COUNT TO 9 
# 


CREATE PRINT CREATE PRINT LINE CT. a) 
Ist LINE 2nd LINE +24LINE CT. 







‘“OVERSOLD” 
—> WORD 2 


¢ 
KEY > ) sd (ce, ) “NO MASTER” 
ERROR CARD < —+ WORD 2 
x 


bs \ 
XN 


*< 
**WRONG KEY” 
The 4200 band 


contains the Print Interlace and a Working Storage Area for an input 
card image. The Print Interlace is positioned in exact accord with the 
required locations, The input card image,begins in 421] (unprimed) 

and 4216 (primed) for word 0. Each subsequent word is placed in 
memory location positions with addresses 20 words greater than the 
address of the last word. (Word 1 is in 4231 and 4236, word 2 is in 
4251 and 4256, etc.) 


MEMORY ALLOCATIONS 


The 4400 band 


contains the "M" area, Word O is in 4421 and 4426, Each subsequent 
word is found memory location positions with addresses 20 words greater 
than the address of the last word. Word 9 is found in 4401 and 4406. 
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Image in ws: sent to m. 


PROCESSING: (cont.): 


fel 
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translate code and isolate it. 
test the value of the Code Word. 
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0700 


Code: 





INPUT AND OUTPUT EDITING: 


Align new reorder amount with its 


erase old reor- 


der amount and replace it with the 
new. Do this for unprimed and primed 


correct position; 
portion of the word. 


~a2 


A PROCESSING: 


INPUT AND OUTPUT EDITING: 


Align new minimum balance correctly; 
erase old minimum balance and re- 


ney 
£ 

_~ 
o) 
QR 


place it with the new. Do this for 


unprimed and primed portion of the 


word. 
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Continue editing reorder point. 
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translate it, store itinr L. 
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PROCESSING: On hand - sales amount = New On Hand (in r A) 
OUTPUT EDITING: Translate new on hand amount; erase old on 
hand amount and replace it with the new. 
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New On Hand: - 0000000000 
New On Hand—>T.S. 3170 


tet 


1 GEN [A QAR] | [YB | vw = — a PU Teme 
BRRERBRREREEEEREERRBERRERENBEREG 
SL HLA RLS APR S| Sl sl af a] S| ELS Bl ay al wf af E] Sl] QP Ral AHIR 
‘9 e No ~~ — Po ~ —~} SS =~ 
y YO] ARES we SS cof S} S| S| SIRES na) RY] S| cl S| Sl SP [SYR 


\s Nel \ \ \ \ \ \N 
BAREREEREREREEEEEEEREREPREEEEREBDIS 


EEECEEEEEEEEEEBEEERREEEEEEEBRaL 
—— — — ~ 








MEMOR 
LOCAT 


Be ma ep ppp een Ae PT “nt eat ee owen fo* SPS cope tre a 





39 


OUTPUT EDITING: Erase old On Order amount; 


INPUT EDITING: Align and translate On Order amount. 
replace it with reorder amount. 
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Plant number isolated and sent to Print Interlace 
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Lead time isolated and zero suppressed; sent to Print 


Interlace 7 and 7’, 
Date translated, zero suppressed and sent to Print 


Plant sent to Print Interlace 1 and 1’, 
Interlace 5 and 5’, 


et 

mH ro A, ae | ee | SK | @W Im HN 
SIRS ES ERIS IEIES =|) 8) SIS) 8/8) 8/8) SS/s/8 

1S] STH S] Sl SB] sa} SH} SS) ND} OM] wal co] BL AL Sf S] SM al Sis 

9] O| AO <9 oO 

SSH sMIsissFs | (Ski | AISIsys 

ao} SS] A] AY] SX] QP WV) cap EPSP APR MH] AR] S WB KE SEBEL RTS 

mf ~~] 0 a 0 wor Ww NG 
BRABRRERREEBEEARRRESRSRESERESS 


z oOo] &| SN so] 8 o~ air 
sls §SVIISVVIessygs/s IysyIys 
BST ALLS MAILS ML ML LIL SS VILA! SLB] BLS] 9] SB] BV) SES] Bl] GiNVY 











0000 
IW 
0000 


oO 


LOCAT’N 






47 


zero suppressed and 


° 
~ 
he ~ 
3) £ 
Q. i) 
3 7) 
Q, 
"3 « 
” iv as) 
) 83 i.e) 
rT) » L 
re ina} ae 
3 © m OO 
2 wn ” : 
"3 n £ °C 
~ ae ict) 8.0L 
‘= Kj. 
e ib) Q. - ~- 
~ e Q aos Co 
L ‘~ ma at ; x 
a} ~ Dw a 3 oO 
ra) 3 ~ © oO 
rs) ° ory ~ » 8 
aad wo» 8 od 
. v Vig '~ ow 
+ rd he N  - Ev 
Y bad % e ° ~™ ~_ oO 
o Land ~~ 2 ‘= “ e % 
rw 4 £5 v "3 8 ey oO Ms 
“= oO ~ % 0 rR 
i (7s) hog 2 » 8 ‘  o® 
~ ve) + Ae 3 3m ve iw 
° ~ E ° mL ‘= Ke 
~ Ww + "3 iS) mM & CY) oh 
2 3 2 ves r+» fd oO A, 
3° O 3 © v 8 ef = E 
S) ° Ae L | ie 3 3 0 
Ns p i) YNe ‘y ~ £ | ad 
Ra hb 9 mn » 
© . © aly, oe i) ow 
~ —Y e toY) oe gD aor 
3 : ~ © ‘oO Bk 8 aE) 
~” = ~] min 6. AA, Q, aA, a 











BELA MME EEEOOPEREEE CHA TECL 
Q 
aie 
83 ae S 
NS 


N oA L as we oo Ss pee Ra & 
: <9 SS <S ~9 








een 


25 


line 
count 


create 
header 


48 


CS) 
1S) 
. 3 
w ~ 
be 
~ "3 © 
a ived ~ ay 
‘~ 8 £ L 
h ~ ~~ 
a, w = 
Qy 7.) 
je) o i 
~ is) ° 8 
83 ~ iB) ~ 
> ~ m od 
fwd h ~ is) 3 
.e) % £ 9° 
nH ~ o a i's) 
2 7.) ” 
© Lael ~ ) 
07“n —~ i ¥) L L 
° ~~ 4 ~ Co ~ ‘~ 
~ ‘mem OD ira ~ SS oy me 
rad — ass 2 ~ Q, t 
° # "SS s 
1S) MS aA, 2 © w& 
~ o 38 Ss 8 Lo =~ 
: : ° se + 
KR » > ~ S » 8 
o i : ~ 3g, + 
ie) 8 oy ~ wow ° L 
= A, 8 fwd 8 6 mh 3 
3 3 © AQ 8 © ° 
2 “So — ” ~ - y cS) 
mow Po we 
% oO 8 © 4 & - 3 ct) 
go O + a0 mow Na bead 
8 vo g 3 a wd 3 ‘e , 
a, TY) by a Poy = 3 ~~ 


: 
ie 








Ooco 


a3 
8} $} 3} s) S] N/R) FSi es AAR gS 31 8/8) ef S| §} She sles 213) g/= 
RL os] mp RP WY SE ty RB] SPRY QV] HY] ww] Q_ TPO! Sl om} sS gl als SS] is 


AREER ER REEEECCEECEEFERESEEECERE 


aS Q Mel 


MEMORY 
LOCAT® N 














49 





UNIVACS The FIRST Name in Electronic Computing Systems 


eRINTED 
U 1741.4 Rev. 1) usa 


